A new numerical method is applied to the analysis of the charge partitioning in the quasi-neutral base of a BJT. The results show that the conventional, 1:2 collector/ emitter partitioning is not valid in general. High level injection increases the collector fraction, whilst fast switching decreases it.
INTRODUCTION
As shown in [1] , the charge partitioning may significantly affect device delay times. Non-QuasiStatic (NQS) BJT modeling [2] also demonstrates the practical importance of such effects in modern devices. The ever increasing speed of microelectronic devices [3, 4, 7] requires the development of more accurate models to describe transient behavior.
Papers [1, 2] are based on "first order" NQS corrections. Although the latter approaches are significantly different, they are similar in their use of the quasi-static approximation for the charge partitioning factor in the quasi-neutral base (QNB). The accuracy of the NQS method [2] is higher since it takes into account a delay in the QNB charge, not only in the collector current.
In the present paper we use an exact, 2D numerical technique, for the evaluation of the charge partitioning in semiconductor devices [5] . It is applied here to study the partitioning of the QNB charge (related to the diffusion capacitances of a BJT). The Fig. 4, [2] ). Charge-based models e.g., those stemming from [8, 9] are preferred to describe transient device behavior and there has been renewed interest in charge partitioning [1, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] .
The majority of authors [1, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] have addressed the partitioning problem using simplified analytic methods. Analytic models, such as those proposed for MOSFETs [10, 11] and BJTs [12, 13, 15, 16, 18, 19] provide charge conserving, partitioned charge descriptions. Analytic models, based on first or higher order, non-quasi-static, solutions of the continuity and transport equations have also been proposed [12, 17, 20, 21] . To obtain closed form expressions, useful for device models, such analysis requires a significant number of simplifying assumptions.
A numerical techniques needed to extract the various charge/current components, necessary to accurately characterize the charge partitioning, have been developed recently [5] . These techniques were implemented in TRASIM [22] which provides an accurate, stable, and rapidly convergent, timedependent, numerical solution of the two-dimensional Poisson and continuity equations, for specified, time dependent boundary conditions. The numerical results show that there are significant differences between the exact charge partitioning and the predictions of the analytic models.
Both the present and previous analytic models are based on the conventional, drift-diffusion model for carrier transport. The numerical analysis confirms the validity of this approach in BJTs, since the electric fields (or Fermi-level gradients) remain modest, at even the highest switching speeds.
Non-the-less, the Ohmic electric fields, associated with the removal of the neutralizing, majority carriers, are large enough to cause major changes in the minority carrier partitioning. Such effects are completely omitted in analytic models.
DEPLETION AND DIFFUSION CHARGES
Conventional device models associate the motion of the space-charge region boundaries with charge storage in a "depletion capacitance.", and the storage of minority carriers in quasi-neutral regions with a "diffusion" capacitance. A conventional numerical model provides no such distinction. The total charge for each carrier type must be split into a) a space-charge part, corresponding to a depletion capacitance and b) a quasi-neutral part, corresponding to a diffusion capacitance.
The extraction of the space charge and quasineutral charge have been described in detail earlier [5] . Following the methods described in [5] 
THE PASS-THROUGH CURRENT
It is necessary to compute the "pass-through" current [5] , defined as the current that would flow across the device if the instantaneous bias and the instantaneous, transient internal potential distribution were held constant (c.f. "convective current" in [23] ). The time dependent pass-through current must be subtracted from the terminal currents since it does not contribute to changes in the stored charges. 
SIMULATION RESULTS
The modifications described above were implemented in TRASIM [22] , and the modified version of TRASIM used for transient 2D numerical simulation of a CML BJT [4] . Depending on the functional purpose of the transistor and the desire to increase speed of the ECL circuit, the transistor may operate in a high current mode, causing high level injection. Rather few papers have been published on the high injection behavior of the BJT (e.g. [6] ). We believe that only thorough numerical investigation will shed light on the highly nonlinear, transient problem.
Device Structure
The transistor structure is shown in Figure ( we follow the data and SEM photograph from [4] ).
Only one half of the transistor is simulated to reduce the computational burden. The depth of the buried layer was 0.575gm, having Gaussian impurity distribution with exponent of 0. (Qc(t)+QE(t)), where QE(t) and Qc(t) are charges recaptured at the emitter and collector terminals respectively after time t. Figure 2 shows the time evolution of the dynamical charge partitioning of the QNB charge. As we see, collector charge fraction. This effect is due to the built-in electric field in the QNB associated with the high injection level and the extraction of the compensating majority carriers. Figure 3 shows 2D effects present when discharging the base of the transistor, in low injection. The vertical dashed line in the Figure 3 shows the "current channel boundary". Electrons injected outside this channel are diverted to the collector rather than to the emitter. After switching-off the transistor they are collected by the collector effectively increasing the collector fraction.
Charge Partitioning for Different
Ramp Speeds Figure 4 shows the dynamical charge partitioning of the QNB charge for different ramp speeds at V -0.95V. Increasing ramp speed leads to EB smaller collector charge fraction which is consistent with the earlier results for a p-n diode [5] . This effect is due to the transient electric field in the QNB caused by the hole current, Figure 5 shows the vertical component of the electron current density during transient for a slow and fast ramps under high level injection. The lateral electric field, caused by the fast base discharge, pinches the electron current flowing from the emitter to the collector, leading to a non- ii) In a high current mode, when high injection occurs, the resulting electric built-in field the QNB leads to a collector charge partition that grows with VBE.
iii) The ramp speed affects charge partitioning in both high and low injection level by effectively reducing the collector charge fraction at faster ramps.
It is not possible draw comparisons with [6] which models a device of base width 200 microns and zero recombination.
